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ABSTRACT / b  7 3 1  
The v i s ib l e  band spectra fo r  the cadmium - cadmium hal ide and t h e  

lead - lead halide systems have been observed. 

of the band peaks of t he  cadmium - cadmium hal ides  compared t o  those of 

the hal ides  suggest t h a t  the  species CdF 

metal atom i s  s i tua ted  i n  vacancies from which it contributes e lectrons 

The r e l a t ive  posi t ions 

i s  not formed but t h a t  t h e  

t o  nearest  cat ion neighbors. A iJ-tfjJOIp 
INTRODUCTION 

An explanation of t he  so lubi l i ty  of neutral  m e t a l  atoms i n  ionic  

l i qu ids  should account for the  nature of the  species i n  solution and 

ind i rec t ly  the s t ructure  of the  l iquid.  For t h i s  reason the  v i s ib l e  

and infrared absorption spectra of the cadmium - cadmium hal ides  and 

le2d - lead hal ides  were obtained. 

were formed when the  metal i s  added t o  i t s  salt. 

f o r  these metal-salt systems occur a t  the  same re l a t ive  posi t ion t o  

each other as do the  peaks for the  pure salts but a t  longer wavelengths. 

This i s  interpreted t o  mean t h a t  the absorption process i n  the  m e t a l -  

salt  i s  r e l a t ive ly  the same as i n  the pure salts but a t  lower energies. 

I t  has been observed t h a t  new bands 

The peaks observed 

. 



The visible absorption process i n  the  pure salts is  a charge-transfer 

mechanism i n  which electrons are promoted frornthe anion t o  the nearest 

cation neighbors. It would appear therefore tha t  i n  the  metal-salt 

systems, metal atoms are s i tuated i n  vacancies and t h a t  their electrons 

are promoted in to  the  energy leve ls  of t h e  salt i n  much the same manner 

as anion electrons i n  a "pure" salt. The so lubi l i ty  of these metals i n  

t h e i r  salts is therefore a function of t h e  number of such vacancies 

present. If the  salt i s  considered t o  have a quasi- la t t ice  structure,  

then the  vacancies t o  which the  metal atoms accommodate themselves may 

be the  t*y-pe present i n  solids. 

s t i t i a l  type and i n  addition, actual cation vacancies formed by t h e  

movement of t he  cation out of the  quasi-latt ice structure. 

1 

That is, the  vacancies are of t h e  in te r -  

EXPE3IMENTAL 

Reagent grade materials were kept i n  a vacuum drying oven at 200' C 

f o r  several  days and then melted and f i l t e r e d  through Pyrex glass  wool. 

The lead and cadmium metals had less than 1 percent impurity and were 

.ctsed without further purif  ization. 

Veasurements i n  the  v i s ib l e  were made using a model 13 Perkin- 

E h e r  spectrophotometer equipped with a Nernst glower light source, 

fuse3 si.,ica prism and photomultiplier detector. The l ight source was 

paased by a chopper since the detector was susceptible only t o  an ampli-  

fied a-c signal. 

ference t o  a minimum since t h e  black body radiat ion of t he  sample and 

cell were not phased. 

This proved helpful i n  keeping the  emission in te r -  

Investigations were a l so  made i n  t h e  infrared up 

t o  1.51.1. For these measurements, the model 13 was equipped w i t h  a Nernst 

gl.cwer l i g h t  scurce, N a C l  prism and thermocouple detectors. 
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The platinum screen technique2 was used t o  obtain data  i n  the  in- 

frared. 

the platinum screen, the c e l l  was kept under nitrogen pressure (-lOpsig) 

and the temperature of the  sample was not allowed t o  reach more than 

10' C 

with a i r  as a reference. This was done since the  pure salts do not 

have an infrared absorption band t o  15p. 

uated t o  obtain the  proper base l ine.  

I n  order t o  prevent evaporation o r  oxidation of t he  samples on 

above the melting point. The platinum screen c e l l  was matched 

The reference beam was at ten-  

I n  the  vis ible ,  the  reference and sample c e l l s  were &e from 8mm 

Pyrex tubing. 

ce1L.s with known differences i n  path length. 

oxidation of the  cadmium i n  the  cadmium halide mixtures, the  Pyrex con- 

t a i n e r s  were evacuated and sealed. 

w i t h  the  lead - lead halide systems. The cuvettes were heated by means 

of Nichrome ribbon, and the temperatures were controlled by means of an 

These containers were then cal ibrated t o  form s e t s  of 

I n  order t o  prevent air 

No such precautions w e r e  necessazy 

on-off re lay  t o  within 

mtz ; ied  by adjusting the base-line of the  instrument. It was therefore 

nezessary t o  report  the  r e s u l t s  as re la t ive  percent absorption. 

+2" C. The c e l l s  used i n  the  v i s ib l e  were 

I n  

order t o  i so l a t e  +,he absorption due t o  added 

to the  salt alone, the reference c e l l  of the 

f i l l e d  with the  pure salt. 

RESULTS 

The data obtained are  reported i n  tab le  

metal from absorption due 

double-beam instrument was 

I and i n  f igures  1 and 2. 
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TABLE I - VISIBLE: ABSORPTION MAXIMA FOR CADMIUM 

AND LEAD SALTS, AND METAL MIXTURFS 

S a l t  

Cd C12 

Cd Br2 

Cd I2 

Cd-Cd Cl: 

* 
Cd-Cd B r 2  

* 
Cd-Cd I2 

Pb C12 

Pb Br2 

pb-Pb c12 

3t Pb-Pb B r 2  

0.360 

0.500 

0.540 

0,455 

0.455 

0.45 - 0.55 
0.605 

0.665 

c. 439 

0.521 

0.627 

0.692 

588 

600 

405 

573 

59 3 

618 

605 

390, 410 

521 

39 3 

550 

450 

* The absorption due t o  the pure salt i s  present 
i n  addition t o  the maxima reported. 

No specif ic  infrared absorption bands were observed e i the r  i n  the  

pure salts o r  i n  the metal-salt mixtures. 

iodide made it d i f f i c u l t  t o  specify the spectra of the system, a d  

these r e s u l t s  were not reported. As i n  the  case of the  pure salts t he  

e f f ec t  of temperature on the  metal s a l t  bands was i n i t i a l l y  t o  broaden 

the  band and then s h i f t  the peak posit ion t o  lower energies (longer 

wavelengths). 

Decomposition of the  lead 

The s p l i t t i n g  of t he  band, as observed i n  t he  case of 
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Cd 

the  s p l i t t i n g  t h a t  occurs i n  the  spectra of c rys t a l s  when the  absorbing 

species can have more than one or ientat ion i n  t h e  l a t t i c e .  

explanation of t h i s  e f fec t  may be due t o  the  f a c t  t h a t  the m e t a l  atom 

can occupy e i the r  an i n t e r s t i t i a l  vacancy or  a hole fomed by the  dis-  

placement of a cation. 

and t h e  split i s  not seen. 

i n  Cd C12, a few degrees above the melting point i s  analogoue t o  

A possible 

A s  the temperature i s  raised, t h e  band broadens 

DISCUSSION 

It appears t h a t  two types of solutions are formed upon the  addi- 

t i o n  of a metal t o  i t s  salt. In  the case of the  a lka l i ,  a lka l ine  earth, 

or  t he  rare-earth systems electronical ly  conducting solut ions a re  formed. 

However, systems such as Cd, Pb, B i  - halide mixtures remain electro-  

l y t i c  conductors. 

has been a t t r ibu ted  t o  the  dissociation of the m e t a l  atom i n t o  a cation 

The m e c h a n i s m  whereby electronic  conduction appears 

5 and an electron. 

t o  move i n  the conduction band. 

given for  the case where e lec t ro ly t ic  conduction prevai ls .  

i s  formed upon the addition of t he  metal whereby the  metal atoms occupy 

h o l e s  i n  the  quas i - la t t ice  formed by the halide ions. 

planation f o r  the  case of e lec t ro ly t ic  conduction indicates  t h a t  t he  

a e t a l  atoms react  with the cat ions t o  form a subhalide. 

would not be diamagnetic, the presence of t h i s  species was discounted 

by magnetic suscept ib i l i ty  measurements. 

The resu l t ing  electrons then have suf f ic ien t  energy 

Essentially two explanations have been 

A solution 

The other ex- 

Since Cd' 

5 

presence of specific '0aiiGs iii of YiLe c.mm a d  less 

metal-salt  systems indicates  t h a t  the metal a s  present i n  the  salt does 
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not possess close-spaced electronic  leve ls  charac te r i s t ic  of the  metal 

i n  the  pure s ta te .  The presence of such leve ls  would r e s u l t  i n  a con- 

tinuum i n  the  v i s ib l e  spec t ra l  region. This has been confirmed by the  

diamagnetic behavior of t h e  cadlnium metal-salt system since " m t a l l i c "  

behavior i s  characterized by a paramagnetic effect .  6 

The f a c t  t h a t  these bands do not overlap o r  center about iome mean 

posi t ion indicates t h a t  t he  electronic t r ans i t i on  involved is not p r i -  

marilp concerned with an individual ion. 

were spec i f ica l ly  formed i n  t h e  cadmium - cadmium hal ide systems by a 

react ion between the cadmium m e t a l  atom and cadmium cation, i .e. ,  

Cd + Cd++ = Cdy, the  v l s ib l e  spectral  bands would appear a t  r e l a t ive ly  

the  same place since the  electronic  t r ans i t i on  would only be s l i gh t ly  

influenced by the  presence of the anions. 

++ I n  other words, i f  Cd2 

What i s  observed, however, is tha t  the unique bands fo r  the  

metal-salt  systems have the  same re l a t ive  posi t ions t o  each other as 

do the  pure sa l t s .  This would be seen even more c lear ly  i f  account i s  

taken of the temperature influence on the posi t ion of t he  band peak as 

well as the f a c t  t h a t  the  peak posit ion fo r  the pure molten salts i s  

estimated. 

w i t h  the  same re l a t ive  posi t ion t o  each other as the  salts themselves 

suggests t h a t  the energy l e v e l  structure f o r  the  metal-salt  system i s  

similar t o  t ha t  of the s a l t s  but that  the  i n i t i a l  e lectron t ransfer  

process occurs a t  lower energies. 

t r i b u t e  electrons t o  the established energy l eve l s  i n  the sa l t .  It i s  

possible therefore t o  consider the electron t ransfer  t o  occur not 

1 
The f a c t  that. the  metal-salt systems have unique bands 

In other words, the metal atoms con- 
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between metal atoms and dissociated mobile cations which would lead t o  

the formation of Cd2 , but t h a t  the electron t r ans fe r  process occurs 

between metal atoms and the undissociated o r  quasi- la t t ice  portion of 

the  salt. I n  t h i s  case the  electron would be promoted from the metal 

atom si tuated i n  a vacancy t o  the nearest cat ion neighbors i n  the  quasi- 

l a t t i ce .  

would be modified by the  presence of the  anions and account f o r  the 

separate bands observed when the metal i s  added Go its halide salts. 

This electron t ransfer  process has been used t o  explain the enhanced 

diamagnetism i n  the cadmium - cadmium chloride solution. That t h i s  

e lectron t ransfer  would be of low energy i s  suggested by the fact.  t h a t  

it takes l e s s  energy t o  ionize a metal i n  an ionic medium than i n  

vacuum. 

st 

The charge d is t r ibu t ion  of the cat ion neighbors i n  t h i s  case 

6 

7 

The v i s ib l e  absorption process for the  metal-salt systems i s  anal- 

ogous t o  the absorption process i n  pure salts. The process of v i s i b l e  

absorption i n  ionic s a l t  systems has been a t t r i bu ted  t o  the electronic  

charge t ransfer  f romthe  anion t o  the nearest  cat ion neighbors. 

results i n  the formztion of an exciton. 

a re  a halogen atom and an electron moving i n  expanded o rb i t s  of nearest  

This 

The components of the  exciton 

c a f f ~ ~  c ~ i g h h ~ r e -  I= ZCCGT~GECC ~ i t h  th.e ~- igg~&j.U~i  Liiai, iiie metal- 

s a l t  systems have an i n i t i a l  low energy electron t ransfer  with the  same 

energy l eve l  s t ructure  as the sa l t ,  the metal atoms may contribute 

electxons t o  expanded o rb i t s  involving nearest  cat ion neighbors i n  the  

quasi- la t t ice  s t ruc ture  of the  melt. 

f e r  a r e  a cat ion and an electxon moving i n  an expanded orbit .  

The r e s u l t s  of t h i s  charge trans- 
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The mechanism for  both electronic and e l ec t ro ly t i c  metal-salt solu- 

t i ons  would therefore involve the accommodation of the metal atom t o  the  

number of vacancies present. 

systems, the  electron can be considered t o  be delocalized. 

anism helps t o  explain the selective so lub i l i t y  of metals i n  salts. 

That is, the salt functions as a membrane which can dissolve only par- 

t i c u l a r  metal atoms- 

I n  the case of e lectronical ly  conducting 

This mech- 

It is  of i n t e r e s t  t o  note that the exciton phenomena i n  "pure" 

s a l t s  can be used t o  explain the  s t a b i l i t y  of these systems upon melt- 

ing. I n  the  halides the charge t ransfer  process r e s u l t s  i n  the  forma- 

t i o n  of a halogen atom. 

low energy process and decomposition of the system upon melting is 

observed. 

varying degrees i n  a l l  ionic halide systems and may be responsible f o r  

the residual  emf's observed i n  e l e c t r i c a l  conductance measurements 

and i n  the determination of Seebeck coefficients,  

For the  iodide systems t h i s  i s  a relativeLv 

It may be t h a t  such decomposition occurs upon melting t o  
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